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Abstract 
ZrSiS-type materials represent a large material family with unusual coexistence of 
topological nonsymmorphic Dirac fermions and nodal-line fermions. As a special group of 
ZrSiS-family, LnSbTe (Ln = Lanthanide rare earth) compounds provide a unique opportunity to 
explore new quantum phases due to the intrinsic magnetism induced by Ln. Here we report the 
single crystal growth and characterization of NdSbTe, a previously unexplored LnSbTe 
compound. NdSbTe has an antiferromagnetic ground state with field-driven metamagnetic 
transitions similar to other known LnSbTe, but exhibits distinct enhanced electronic correlations 
characterized by large a Sommerfeld coefficient of 115 mJ/mol K2, which is the highest among 
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the known LnSbTe compounds. Furthermore, our transport studies have revealed the coupling 
with magnetism and signatures of Kondo localization. All these findings establish NdSbTe as a 
new platform for observing novel phenomena arising from the interplay between magnetism, 
topology, and electron correlations. 
Email: *rbasnet@uark.edu; ‡ jinhu@uark.edu 
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Topological semimetals (TSMs) have gained increased attention due to recent 
breakthroughs [1-3]. These materials host relativistic fermions with low-energy electronic 
excitations that resemble the Dirac and Weyl fermions of the Standard Model, exhibit various 
technologically useful properties such as large magnetoresistance and ultrahigh carrier mobility 
[4], and possess exotic quantum phenomena such as a chiral anomaly [5-9] and unusual Fermi 
arcs [10-14]. To date, many TSMs have been predicted and experimentally demonstrated [1-
3,15-19]. Among these, there has recently been rapidly growing interest in the ZrSiS-family of 
topological materials. ZrSiS, the representative material of this family, crystallizes in the 
tetragonal PbFCl-type structure (space group P4/nmm) made up of two-dimensional (2D) square 
nets of Si sandwiched by Zr-S layers that host a 2D gapless nonsymmorphic Dirac state [20] 
predicted by Young and Kane [21]. Additionally, linear band crossings close to the Fermi level 
that form a Dirac nodal-line have been observed in ZrSiS, which is slightly gapped by weak 
spin-orbit coupling [20,22,23]. Other materials in this family known to host topological fermions 
include Zr(Si/Ge)(S/Se/Te) [24-27], Hf(Si/Ge)(S/Se/Te) [28-31], and ZrSnTe [32,33]. This 
abundance of isomorphic topological materials provides a great opportunity to fine tune the 
topological states by varying spin-orbital coupling, electronic dimensionality, and lattice constant 
through element substitutions. These materials are also of particular interest for thin film 
applications, as some of them can be exfoliated due to their layered crystal structure with weak 
interlayer binding [27,34], which can lead to other exotic phases such as quantum spin Hall 
insulator in the monolayer form [22]. 
While the square net planes formed by Group-IV elements (Si, Ge, and Sn) play an 
essential role in generating the topologically non-trivial bands in the above mentioned materials, 
the Sb (Group-V) network can also supports topological fermions in the related compound of this 
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family, LnSbTe (Ln = Lanthanide rare earth). Thus far, only a few LnSbTe compounds have been 
studied [22,35-42]. The orthorhombically distorted non-magnetic LaSbTe has been suggested to 
be a topological insulator [22,36], and a topological nodal-line in GdSbTe has been observed by 
angle-resolved photoemission spectroscopy (ARPES) [38]. Furthermore, the rich magnetic 
phases of CeSbTe, which originate from the 4f-magnetism of Ce, have led to predictions of Dirac 
and time-reversal breaking Weyl states tunable by temperature and magnetic field [37]. Given 
the rich magnetic properties [35,39-41] and large material pool available by varying Ln, this less-
explored LnSbTe-family provides a rare platform for investigating the interplay between 
magnetism and electronic band topology. 
With this motivation, we synthesized single crystals of the previously unexplored 
NdSbTe and characterized their magnetic, calorimetric, and electronic transport properties. We 
found this material has an antiferromagnetic (AFM) ground state with field-induced 
metamagnetic transitions that couple to the electronic transport. The Kondo-like transport feature, 
together with the significantly enhanced electronic correlation, implies that NdSbTe is a model 
system exhibiting interplay between magnetism, topology, and electronic correlations, which 
may further give rise to new quantum phenomena such as a Kondo-Weyl state and correlated 
topological phases. 
The NdSbTe single crystals used in this work were synthesized by a chemical vapor 
transport method with I2 as the transport agent. First, a polycrystalline precursor of NdSbTe was 
prepared by heating the stoichiometric mixture of Nd, Sb and Te powder at 750 °C for 2 days. 
The precursor was then used as a source for chemical vapor transport with a temperature gradient 
from 1000 °C to 850 °C for 2 weeks. Millimeter-size single crystals with metal luster were 
obtained (Fig. 1, inset). The composition and structure of the synthesized crystals were examined 
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by energy-dispersive x-ray spectroscopy and x-ray diffraction, respectively. Magnetization, 
specific heat, and electronic transport were measured using a physical property measurement 
system (PPMS, Quantum Design).  
The single crystal x-ray diffraction pattern for NdSbTe is shown in Fig. 1, which reveals 
excellent crystallinity as demonstrated by the sharp (00L) peaks. The extracted c-axis lattice 
parameter of 9.36 Å is in between that of CeSbTe [37,39] and GdSbTe [38,40,41], which is 
consistent with the ionic radius of these rare earth elements (Ce3+ > Nd3+ > Gd3+) and implies a 
structural similarity of these compounds. As ZrSiS-type materials [43], the crystal structures of 
LnSbTe compounds consist of stacking Te-Ln-Sb-Ln-Te slabs along the c-axis, with Sb plane 
sandwiched by Ln-Te layers (Fig. 1, inset). The Sb planar layer is similar to the Si square net in 
ZrSiS that hosts 2D/quasi-2D relativistic fermions [20,22,23]. On the other hand, the Sb layer 
can be partially substituted by Te, leading to non-stoichiometric composition of LnSb1-xTe1+x, 
which has been widely seen for the currently known magnetic LnSbTe compounds such as 
CeSbTe [39] and GdSbTe [40]. The composition non-stoichiometry can give rise to an 
orthorhombic distortion in LnSbTe [40], though the distortions do not appear to affect the 
presence of topological fermions [36,38,40]. In our single crystal study, non-stoichiometric 
NdSb1-xTe1+x with x ranging from 0.2 ~ 0.4 has also been observed. In this article, we focus on 
high Sb-content (x~0.2) compounds if not specified. 
The presence of magnetic rare earth elements provide a good opportunity to study the 
coupling between magnetism and topological quantum states [37,38]. AFM ground state and 
metamagnetic spin-flop transitions has been reported in CeSbTe [37,39] and GdSbTe [41]. For 
NdSbTe, we have also observed an AFM ground state. As shown in Fig. 2a, with the out-of-
plane (H||c) and in-plane (H||ab) magnetic fields of 0.1 T, the temperature-dependent molar 
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magnetic susceptibility χmol (= M/H) of NdSbTe displays a peak around 2.7 K, without any 
irreversibility (Fig. 2a, inset) between zero-field-cooling (ZFC) and field-cooling (FC). Among 
multiple samples we have measured, the transition temperature of 2.7 K appears insensitive to 
the composition stoichiometry. For T > 50 K, χmol in the paramagnetic state can be described by 
Curie-Weiss law mol 0= +
C
T
χ χ
− Θ
 where 0χ  is the temperature-independent part of susceptibility, 
C is the Curie constant and Θ is the Weiss temperature, as shown in Fig. 2a. An effective 
magnetic moment of eff 3 /B Ak C Nμ = = 3.6 Bμ can be obtained from the fitted Curie constant, in 
agreement with the theoretical value of 3.62 Bμ for Nd3+ with 4f 3 configuration. The  negative 
Weiss temperature of -17.8 K is comparable with that of CeSbTe (-10 ~ -23.9 K) [37,39] and 
GdSbTe (-19 ~ -24 K) [38,40,41], implying AFM exchange interaction between Nd moments.  
The linear field dependence of the isothermal magnetization (Fig. 2b) in the low field 
region (|μ0H| < 1.4 T) is also in line with an AFM ground state. At higher fields, deviation from 
linearity have been observed in M(H) below the AFM ordering temperature TN = 2.7 K. M 
exhibits a steeper increase with field beyond Hc1 ≈ 1.4 T and evolves toward sublinear field 
dependence at higher field above Hc2 ≈ 3.8 T. These critical fields Hc1 and Hc2 do not show 
anisotropy and appear the same for H||c and H||ab, though the c-axis should be the easy axis 
given the larger magnetization for H||c. The observed magnetization behavior is most likely 
attributed to an AFM-to-canted AFM transition at Hc1 and a subsequent field-driven FM 
polarization at Hc2, which is reminiscent of that of the AFM topological insulator MnBi2Te4 [44]. 
Metamagnetic transitions have been probed in CeSbTe [37,39] and GdSbTe [41] which also 
exhibit AFM ground states. A fully polarized FM phase in CeSbTe can be reached at low field (< 
1 T for H||c) [37,39], while in GdSbTe field-driven moment canting has been suggested [41]. 
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The metamagnetic transitions and FM polarizations provide a new approach to turn on/off the 
time-reversal symmetry, which has been proposed to modify the topological phases in CeSbTe 
[37]. 
The effect of an external magnetic field on the magnetic order in NdSbTe has also been 
probed with magnetic susceptibility measurements. As shown in the inset of Fig. 2a, upon 
increasing magnetic field, TN (indicated by dark triangles) shifts to lower temperatures, becoming 
unobservable down to 1.8 K (the lowest temperature can be reached by our PPMS) at μ0H = 5 T. 
Such AFM order suppression is also seen in our specific heat measurements. In Fig. 3a we 
present the temperature dependence of specific heat C(T) for NdSbTe. A sharp peak at TN = 2.7 
K at zero field can be observed, which is gradually suppressed and shifted to lower temperature 
upon the application of the magnetic field, disappearing for μ0H > 5 T (Fig. 3a, inset). 
Specific heat measurements also provide important details about the magnetic order. As 
shown in Fig. 3a, an external magnetic field modifies specific heat significantly even above TN, 
leading to specific heat enhancement up to ~ 22 K, implying remarkable magnetic fluctuations 
~20 K above the ordering temperature. The measured total specific heat Ctot can be expressed as 
Ctot = Cm + Cel + Cph, where Cel and Cph represent the conventional electronic and phonon 
specific heat, respectively. Generally, separating each term is not difficult since Cel = γT and Cph 
= βT3 when T << Debye temperature ΘD. However, in NdSbTe the magnetic fluctuations extend 
to high temperatures, as which the T 3-dependence for Cph become inaccurate. Alternatively, we 
adopt the structurally similar, non-magnetic LaSbTe as a reference sample to approach Cph for 
NdSbTe. As shown in Fig. 3b, the specific heat for LaSbTe (blue line) does not display any 
anomaly and follows conventional 3La La( )C T T Tγ β= + with γLa = 0.51 mJ/mol K2 and βLa = 0.40 
mJ/mol K4 from 1.8 to 3 K (Fig. 3b, inset), so the phonon specific heat of LaSbTe in the full 
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temperature range can be extracted by La Laph ( ) ( )C T C T Tγ= − . According to the corresponding 
state principle [45], the phonon entropy Sph for NdSbTe and LaSbTe can be expressed by a 
universal function f (T/θ) where θ is the material-dependent parameter. Therefore, the phonon 
specific heat of NdSbTe can be expressed by that of LaSbTe by Nd Laph ph( ) A (B )C T C T= ⋅ ⋅ , where A 
and B are renormalization factors. The specific heat for NdSbTe can thus be represented by 
Nd ( )C T = Nd Nd Ndm el ph( ) ( ) ( )C T C T C T+ + =
Nd Nd La
m ph( ) A (B )C T T C Tγ+ + ⋅ ⋅ , which reduces to Nd ( )C T =  
NdTγ + LaphA (B )C T⋅ ⋅  in the high temperature paramagnetic phase where mC  is negligible.  
With the known Laph ( )C T  we fit the high temperatures specific heat for NdSbTe (Fig. 3b, 
black line). The fitting parameter Ndγ , the Sommerfeld coefficient, is 115 mJ/mol K2 (Fig. 3b, 
inset) which is much greater than other known LnSbTe compounds such as LaSbTe (0.51 
mJ/mol K2, see inset of Fig. 3b), GdSbTe (7.6 mJ/mol K2) [41], and CeSbTe (10-40 mJ/mol K2) 
[37,39], implying greatly enhanced electron correlation in this material. The fitted 
renormalization factors of A = 1.06 and B = 0.98 for phonon specific heat are reasonably close to 
1 given the structure similarity between NdSbTe and reference compound LaSbTe. This leads to 
βNd = 0.44 mJ/mol K4 and a Debye temperature of ΘD=(12π4NR/5β)1/3 = 236.6 K with atom 
number per formula cell N = 3 and gas constant R = 8.31 J/mol K, which is slightly lower than 
that of 244.3K for LaSbTe (βLa = 0.40 mJ/mol K4). 
Magnetic specific heat due to the Nd moment can be extracted by subtracting the fitted 
paramagnetic background from the total measured data, as depicted in Fig. 3c. Above TN, a long 
tail extending to ~20 K can be seen, which is attributed to the magnetic fluctuations. The 
magnetic entropy mm 0
( )T C TS dT
T
= ∫ saturates to 9.1 J/mol K at 20K, which is about 79% (2.4 
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J/mol K less) of the expected value of Rln(2S+1) with S = 3/2 for Nd3+. Deviation from the 
expected Sm is also seen for GdSbTe [41] but not in CeSbTe [37,39]. Further studies including 
millikelvin specific heat measurements and theoretical efforts are needed to clarify such large 
entropy reduction. 
The coupling between the magnetism and transport properties have been studied in this 
work. As shown in Fig. 4a, the overall temperature dependence of resistivity for NdSbTe 
exhibits non-metallic behavior with increasing resistivity upon cooling, with a small peak 
centered at ~3.2 K which can be suppressed by magnetic field (Fig. 4a, inset). Given the 
proximity of the peak temperature and the AFM ordering temperature (TN = 2.7 K), as well as 
the similar field suppression of AFM order observed in magnetic susceptibility and specific heat, 
the suppression of the resistivity peak is most likely due to the suppression of spin scattering. It 
is also worth noting that NdSbTe appears to slowly degrade over time, and this low temperature 
peak disappears after a few weeks. At higher temperatures, resistivity displays a logarithmic 
temperature dependence up to 50 K, as shown in Fig. 4a (indicated by dashed lines). The 
logarithmic temperature dependence has also been observed in CeSbTe in a much narrower 
temperature range (3 ~ 7 K), which has been ascribed to Kondo effect [39].  
Although a multiband nature has been observed for the known LnSbTe compounds 
[37,38], NdSbTe displays linear field dependence for Hall resistivity ρxy(H) in the paramagnetic 
state with negative slope (Fig. 4b, inset), indicating that the transport is dominated by the 
electron band. Single-band behavior has also been found in CeSbTe [39] despite of its multiband 
nature [37], though it is very different from that of the non-magnetic ZrSiS-type compounds in 
which the multiband nature is clearly manifested by non-linear ρxy(H) even at relatively high 
temperatures [27,36,46-48]. The Hall coefficient extracted by RH = dρxy/d(μ0H) is depicted in Fig. 
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4b, which reaches a minimum at 20 K. The corresponding electron density is estimated to be on 
the order of 1×1021 cm-3 (Fig. 4b). This carrier density is much lower than that of conventional 
metals, but is comparable with CeSbTe [39] and other non-magnetic ZrSiS-type semimetals 
[27,31,47]. From the obtained Hall coefficient and the zero-field resistivity, the mobility 
estimated from a single-band model μ = RH/ρ is found to be as low as 2 ~ 3 cm2/Vs, in agreement 
with the non-metallic transport behavior.  
In Fig. 4c we show the magnetoresistance (MR) at different temperatures. The field 
dependence of resistivity at T = 2 K exhibits a sharp drop and reaches minimum around μ0H = 
1.1 T, which is consistent with the field-suppression for low temperature resistivity peak (Fig. 4a, 
inset.) The field dependence of the resistivity is weak between 1.1 T and 3.7 T, and evolves to 
negative MR at higher fields. Here the critical fields of 1.1 T and 3.7 T correspond well with the 
metamagnetic transition of the magnetization (Hc1 = 1.4 T and Hc2 = 3.8 T, Fig. 2b), suggesting 
that the MR behaviors at 2 K may be associated with spin scattering. Above TN, the MR peak at 
zero field disappears (Fig. 4c), and MR displays a crossover from positive to negative with 
increasing field. Above 20 K, MR is negative in the full field range up to 9 T. It is worth noting 
that around 20 K the Hall coefficient also reaches a minimum (Fig. 4b), and the magnetic 
fluctuations start to develop (Fig. 2a).  
The negative MR in NdSbTe is found to be weak (0.8% at 9 T and 2 K) and not strongly 
dependent on the magnetic field orientation. As shown in Fig. 4d, when the magnetic field 
rotates from the out-of-plane (θ = 0°, see inset of Fig. 4d) to the in-plane (θ = 90°) directions, the 
negative MR in the high field region only becomes slightly larger, possibly due to the 
suppression of the weak positive orbital MR component as H is rotated toward the current 
direction. The negative longitudinal MR when H||I (θ = 90°) is a signature for Weyl states as it is 
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associated with the chiral magnetic effect of Weyl fermions. However, the MR in NdSbTe is 
negative for arbitrary field orientations without remarkable evolution with θ, which can be 
ascribed to the field suppression of spin scattering. Therefore, the chiral anomaly-induced 
negative longitudinal MR, if existent, is not apparent. 
We now discuss the interplay between magnetism and the electronic bands in NdSbTe. 
As a special group of the ZrSiS-type topological material family, the magnetism from the Ln in 
LnSbTe is expected to couple with the electronic band topology and induce various topological 
electronic states. This has been supported by ARPES observations and band structure 
calculations in CeSbTe [37] and GdSbTe [38]. Observation of the topological phase transition 
under magnetic field is not experimentally feasible with ARPES, and magnetotransport 
measurements would be the most effective approach. However, transport evidence for non-trivial 
topology in LnSbTe, including the chiral anomaly and quantum oscillations with non-trivial 
Berry phase, have yet to be discovered due to the lack of magnetotransport study. In NdSbTe, the 
similarity in structure and magnetism with CeSbTe and GdSbTe implies a similar interplay 
between magnetism and band topology. Particularly, the FM polarization beyond 3.8 T and the 
sizable magnetic moment of NdSbTe (Fig. 2b) suggest that the time-reversal symmetry breaking 
Weyl fermions may arise in a similar manner as that predicted for CeSbTe [37]. As stated above, 
our magnetotransport indeed reveal the interplay between magnetism and electronic transport 
properties, but chiral anomaly-induced negative MR is not sufficiently conclusive. In addition, 
the observation of quantum oscillation in NdSbTe is difficult due to its low mobility. Given the 
trend of field-driven FM state seen in magnetization measurements, it would be helpful to push 
to high field to search for possible quantum oscillation and signatures of topological fermions in 
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this material. The full moment polarization at high field would be favorable for a time-reversal 
symmetry breaking Weyl state, which has been demonstrated in Mn(Bi,Sb)2Te4 system [49-51].  
So far, the reported magnetic LnSbTe compounds including CeSbTe and GdSbTe [39,41] 
exhibit non-metallic transport, despite their metal-like electronic band structures [37,38]. 
Charge-density-wave (CDW) in orthorhombically distorted GdSbTe [40] has been reported. The 
orthorhombic distortion and the associated CDW are found to be associated with Sb-deficiency 
in GdSb1-xTe1+x and disappear for x ≤ 0.15 [40], but the nearly stoichiometric GdSb0.997Te1.003 
still exhibits non-metallic transport behavior [41]. Therefore, further structure and transport 
studies on samples with different Sb content are needed to clarify a CDW scenario in NdSbTe. In 
addition to CDW, A Kondo mechanism has also been claimed for CeSbTe [39]. In NdSbTe, the 
logarithmic temperature dependence of resistivity and weak angular dependence of MR are 
suggestive of a Kondo origin. Though typical Kondo localization in dilute magnetic alloys 
usually occurs at much lower temperatures, non-metallic transport extending to high 
temperatures can be found in Kondo insulators such as Ce3Bi4Pt3 [52]. Indeed, the strong 
electronic correlations evidenced by the large Sommerfeld coefficient (115 mJ/mol K2, largest 
among the known LnSbTe compounds) may be ascribed to the mass enhancement due to Kondo 
hybridization of the f-electrons and the conduction electrons. Nevertheless, the band structure 
calculations for CeSbTe indicates that the 4f-band is far away from the Fermi level [37], so the 
scenario of hybridization in NdSbTe needs further theoretical investigations. In addition, ZrSiS-
type compounds are known as topological nodal-line semimetals, in which the reduced kinetic 
energy along the line may give rise to strong correlations. Enhanced correlations have been 
probed in a few non-magnetic ZrSiS-type materials including ZrSiS [53] and ZrSiSe [54] despite 
the small Sommerfeld coefficients [55]. As a special group of ZrSiS-family, LnSbTe compounds 
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can also support Dirac nodal-line crossings as has been discovered in GdSbTe [38]. Therefore, 
the coupling between nodal-line fermions, Kondo hybridization, and magnetism could generate 
novel correlated phenomena in NdSbTe. 
In summary, we have successfully synthesized single crystals of NdSbTe, a new 
magnetic ZrSiS-type compound, and characterized the magnetic, electronic transport, and 
calorimetric properties. This material exhibits interesting coexistence of AFM order with 
metamagnetic transitions, and possible Kondo localization. Although the topological bands in 
NdSbTe remain elusive, this material provide an ideal platform for investigating rich physical 
phenomena including the interplay between magnetism and topological fermions, the 
nonsymmorphic Kondo-Weyl state [56], and correlated electron physics in topological quantum 
materials. 
 
Acknowledgement 
This work is primarily supported by the U.S. Department of Energy, Office of Science, Basic 
Energy Sciences program under Award No. DE-SC0019467. Part of the material 
characterizations (XRD and EDS) is supported by Arkansas Biosciences Institute. The authors 
thank Prof. S. Barraza-Lopez and Dr. J. Villanova from the University of Arkansas for 
informative discussions. 
 
 
Reference 
14 
 
[1] B. Yan and C. Felser, Topological Materials: Weyl Semimetals, Annual Review of 
Condensed Matter Physics 8, 337 (2017). 
[2] N. P. Armitage, E. J. Mele, and A. Vishwanath, Weyl and Dirac semimetals in three-
dimensional solids, Rev. Mod. Phys. 90, 015001 (2018). 
[3] A. Bernevig, H. Weng, Z. Fang, and X. Dai, Recent Progress in the Study of Topological 
Semimetals, J. Phys. Soc. Jpn. 87, 041001 (2018). 
[4] T. Liang, Q. Gibson, M. N. Ali, M. Liu, R. J. Cava, and N. P. Ong, Ultrahigh mobility 
and giant magnetoresistance in the Dirac semimetal Cd3As2, Nature Mater. 14, 280 (2015). 
[5] D. T. Son and B. Z. Spivak, Chiral anomaly and classical negative magnetoresistance of 
Weyl metals, Phys. Rev. B 88, 104412 (2013). 
[6] Y.-S. Jho and K.-S. Kim, Interplay between interaction and chiral anomaly: Anisotropy 
in the electrical resistivity of interacting Weyl metals, Phys. Rev. B 87, 205133 (2013). 
[7] Q. Li et al., Chiral magnetic effect in ZrTe5, Nature Phys. 12, 550 (2016). 
[8] J. Xiong, S. K. Kushwaha, T. Liang, J. W. Krizan, M. Hirschberger, W. Wang, R. J. 
Cava, and N. P. Ong, Evidence for the chiral anomaly in the Dirac semimetal Na3Bi, Science 
350, 413 (2015). 
[9] R. D. d. Reis, M. O. Ajeesh, N. Kumar, F. Arnold, C. Shekhar, M. Naumann, M. 
Schmidt, M. Nicklas, and E. Hassinger, On the search for the chiral anomaly in Weyl 
semimetals: the negative longitudinal magnetoresistance, New J. Phys. 18, 085006 (2016). 
[10] X. Wan, A. M. Turner, A. Vishwanath, and S. Y. Savrasov, Topological semimetal and 
Fermi-arc surface states in the electronic structure of pyrochlore iridates, Phys. Rev. B 83, 
205101 (2011). 
[11] S.-Y. Xu et al., Observation of Fermi arc surface states in a topological metal, Science 
347, 294 (2015). 
[12] S.-Y. Xu et al., Discovery of a Weyl fermion state with Fermi arcs in niobium arsenide, 
Nature Phys. 11, 748 (2015). 
[13] B. Q. Lv et al., Experimental Discovery of Weyl Semimetal TaAs, Phys. Rev. X 5, 
031013 (2015). 
[14] L. X. Yang et al., Weyl semimetal phase in the non-centrosymmetric compound TaAs, 
Nature Phys. 11, 728 (2015). 
15 
 
[15] J. Hu, S.-Y. Xu, N. Ni, and Z. Mao, Transport of Topological Semimetals, Annu. Rev. 
Mater. Res. 49, 207 (2019). 
[16] B. Bradlyn, L. Elcoro, J. Cano, M. G. Vergniory, Z. Wang, C. Felser, M. I. Aroyo, and B. 
A. Bernevig, Topological quantum chemistry, Nature 547, 298 (2017). 
[17] F. Tang, H. C. Po, A. Vishwanath, and X. Wan, Comprehensive search for topological 
materials using symmetry indicators, Nature 566, 486 (2019). 
[18] M. G. Vergniory, L. Elcoro, C. Felser, N. Regnault, B. A. Bernevig, and Z. Wang, A 
complete catalogue of high-quality topological materials, Nature 566, 480 (2019). 
[19] T. Zhang, Y. Jiang, Z. Song, H. Huang, Y. He, Z. Fang, H. Weng, and C. Fang, 
Catalogue of topological electronic materials, Nature 566, 475 (2019). 
[20] L. M. Schoop et al., Dirac cone protected by non-symmorphic symmetry and three-
dimensional Dirac line node in ZrSiS, Nature Commun. 7, 11696 (2016). 
[21] S. M. Young and C. L. Kane, Dirac Semimetals in Two Dimensions, Phys. Rev. Lett. 
115, 126803 (2015). 
[22] Q. Xu, Z. Song, S. Nie, H. Weng, Z. Fang, and X. Dai, Two-dimensional oxide 
topological insulator with iron-pnictide superconductor LiFeAs structure, Phys. Rev. B 92, 
205310 (2015). 
[23] M. Neupane et al., Observation of Topological Nodal Fermion Semimetal Phase in 
ZrSiS, Phys. Rev. B 93, 201104 (2016). 
[24] A. Topp, J. M. Lippmann, A. Varykhalov, V. Duppel, B. V. Lotsch, C. R. Ast, and L. M. 
Schoop, Non-symmorphic band degeneracy at the Fermi level in ZrSiTe, New J. Phys. 18, 
125014 (2016). 
[25] M. M. Hosen et al., Tunability of the topological nodal-line semimetal phase in ZrSiX-
type materials (X=S, Se, Te), Phys. Rev. B 95, 161101 (2017). 
[26] M. M. Hosen et al., Observation of gapless Dirac surface states in ZrGeTe, Phys. Rev. B 
97, 121103 (2018). 
[27] J. Hu et al., Evidence of Topological Nodal-Line Fermions in ZrSiSe and ZrSiTe, Phys. 
Rev. Lett. 117, 016602 (2016). 
[28] D. Takane, Z. Wang, S. Souma, K. Nakayama, C. X. Trang, T. Sato, T. Takahashi, and 
Y. Ando, Dirac-node arc in the topological line-node semimetal HfSiS, Phys. Rev. B 94, 121108 
(2016). 
16 
 
[29] C. Chen et al., Dirac line nodes and effect of spin-orbit coupling in the nonsymmorphic 
critical semimetals MSiS (M = Hf, Zr), Phys. Rev. B 95, 125126 (2017). 
[30] S. Guan, Y. Liu, Z.-M. Yu, S.-S. Wang, Y. Yao, and S. A. Yang, Two-dimensional spin-
orbit Dirac point in monolayer HfGeTe, Phys. Rev. Materials. 1, 054003 (2017). 
[31] N. Kumar, K. Manna, Y. Qi, S.-C. Wu, L. Wang, B. Yan, C. Felser, and C. Shekhar, 
Unusual magnetotransport from Si-square nets in topological semimetal HfSiS, Phys. Rev. B 95, 
121109(R) (2017). 
[32] R. Lou et al., Emergence of topological bands on the surface of ZrSnTe crystal, Phys. 
Rev. B 93, 241104 (2016). 
[33] J. Hu, Y. Zhu, X. Gui, D. Graf, Z. Tang, W. Xie, and Z. Mao, Quantum oscillation 
evidence of a topological semimetal phase in ZrSnTe, Phys. Rev. B 97, 155101 (2018). 
[34] X. Liu et al., Quantum oscillation and unusual protection mechanism of the surface state 
in nonsymmorphic semimetals, arXiv:1911.06799. 
[35] Y. C. Wang, K. M. Poduska, R. Hoffmann, and F. J. DiSalvo, Structure and physical 
properties of CeSbTe, J. Alloys Compd. 314, 132 (2001). 
[36] R. Singha, A. Pariari, B. Satpati, and P. Mandal, Magnetotransport properties and 
evidence of a topological insulating state in LaSbTe, Phys. Rev. B 96, 245138 (2017). 
[37] L. M. Schoop et al., Tunable Weyl and Dirac states in the nonsymmorphic compound 
CeSbTe, Sci. Adv. 4, eaar2317 (2018). 
[38] M. M. Hosen et al., Discovery of topological nodal-line fermionic phase in a magnetic 
material GdSbTe, Sci. Rep. 8, 13283 (2018). 
[39] B. Lv, J. Chen, L. Qiao, J. Ma, X. Yang, M. Li, M. Wang, Q. Tao, and Z.-A. Xu, 
Magnetic and transport properties of low-carrier-density Kondo semimetal CeSbTe, J. Phys. 
Condens. Matter 31, 355601 (2019). 
[40] S. Lei, V. Duppel, J. M. Lippmann, J. Nuss, B. V. Lotsch, and L. M. Schoop, Charge 
Density Waves and Magnetism in Topological Semimetal Candidates GdSbxTe2−x−δ, Advanced 
Quantum Technologies 2, 1900045 (2019). 
[41] R. Sankar et al., Crystal Growth and Magnetic Properties of Topological Nodal-Line 
Semimetal GdSbTe with Antiferromagnetic Spin Ordering, Inorg. Chem. 58, 11730 (2019). 
17 
 
[42] A. Weiland, D. G. Chaparro, M. G. Vergniory, E. Derunova, J. Yoon, I. W. H. Oswald, 
G. T. McCandless, M. Ali, and J. Y. Chan, Band structure engineering of chemically tunable 
LnSbTe (Ln = La, Ce, Pr), APL Materials 7, 101113 (2019). 
[43] C. Wang and T. Hughbanks, Main Group Element Size and Substitution Effects on the 
Structural Dimensionality of Zirconium Tellurides of the ZrSiS Type, Inorg. Chem. 34, 5524 
(1995). 
[44] S. H. Lee et al., Spin scattering and noncollinear spin structure-induced intrinsic 
anomalous Hall effect in antiferromagnetic topological insulator MnBi2Te4, Physical Review 
Research 1, 012011 (2019). 
[45] J. Hu, T. J. Liu, B. Qian, A. Rotaru, L. Spinu, and Z. Q. Mao, Calorimetric evidence of 
strong-coupling multiband superconductivity in Fe(Te0.57Se0.43) single crystal, Phys. Rev. B 83, 
134521 (2011). 
[46] R. Singha, A. Pariari, B. Satpati, and P. Mandal, Large nonsaturating magnetoresistance 
and signature of nondegenerate Dirac nodes in ZrSiS, Proc. Natl. Acad. Sci. USA 114, 2468 
(2017). 
[47] J. Hu, Z. Tang, J. Liu, Y. Zhu, J. Wei, and Z. Mao, Nearly massless Dirac fermions and 
strong Zeeman splitting in the nodal-line semimetal ZrSiS probed by de Haas-van Alphen 
quantum oscillations, Phys. Rev. B 96, 045127 (2017). 
[48] C. C. Gu et al., Experimental evidence of crystal symmetry protection for the topological 
nodal line semimetal state in ZrSiS, Phys. Rev. B 100, 205124 (2019). 
[49] D. Zhang, M. Shi, T. Zhu, D. Xing, H. Zhang, and J. Wang, Topological Axion States in 
the Magnetic Insulator MnBi2Te4 with the Quantized Magnetoelectric Effect, Phys. Rev. Lett. 
122, 206401 (2019). 
[50] J. Li, Y. Li, S. Du, Z. Wang, B.-L. Gu, S.-C. Zhang, K. He, W. Duan, and Y. Xu, 
Intrinsic magnetic topological insulators in van der Waals layered MnBi2Te4-family materials, 
Sci. Adv. 5, eaaw5685 (2019). 
[51] S. H. Lee et al., Transport evidence for a magnetic-field induced ideal Weyl state in 
antiferromagnetic topological insulator MnBi2Te4, arXiv:2002.10683. 
[52] M. F. Hundley, P. C. Canfield, J. D. Thompson, Z. Fisk, and J. M. Lawrence, 
Hybridization gap in Ce3Bi4Pt3, Phys. Rev. B 42, 6842 (1990). 
18 
 
[53] S. Pezzini, M. R. van Delft, L. M. Schoop, B. V. Lotsch, A. Carrington, M. I. Katsnelson, 
N. E. Hussey, and S. Wiedmann, Unconventional mass enhancement around the Dirac nodal 
loop in ZrSiS, Nature Phys. 14, 178 (2018). 
[54] Y. Shao et al., Electronic correlations in nodal-line semimetals, Nature Physics, in press. 
DOI: 10.1038/s41567-020-0859-z  (2020). 
[55] R. Sankar, G. Peramaiyan, I. P. Muthuselvam, C. J. Butler, K. Dimitri, M. Neupane, G. 
N. Rao, M. T. Lin, and F. C. Chou, Crystal growth of Dirac semimetal ZrSiS with high 
magnetoresistance and mobility, Sci. Rep. 7, 40603 (2017). 
[56] S. E. Grefe, H.-H. Lai, S. Paschen, and Q. Si, Weyl-Kondo semimetals in 
nonsymmorphic systems, Phys. Rev. B 101, 075138 (2020). 
 
  
19 
 
Figures 
 
 
 
Figure 1. Single crystal x-ray diffraction pattern for NdSbTe, showing the (00L) reflections. 
Insets: crystal structure and an optical microscope image of a NdSbTe single crystal. 
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Figure 2. Magnetic properties of NdSbTe. (a) Temperature dependence of molar susceptibility 
of NdSbTe measured under out-of-plane (Hllc) and in-plane (Hllab) magnetic fields of 0.1 T. 
The solid line represents the Curie-Weiss (CW) fit. Inset: magnetic susceptibility taken under 
different fields from 0.1 to 9 T. The absence of irreversibility between ZFC and FC at 0.1 T is 
shown. (b) Field dependence of magnetization at 2 K for Hllc and Hllab. The dashed lines are 
guides for eyes. Insets: magnetization at T = 2, 5, 10, 20, 50, 150, and 300 K for Hllc.  
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Figure 3. Specific heat of NdSbTe. (a) Temperature dependence of specific heat C, measured 
under different magnetic from 0 to 9 T. The magnetic field is applied along the c-axis. Inset: 
zoom-in of the low temperature specific heat. (b) Specific heat divided by temperature C/T for 
NdSbTe (red) and the reference sample LaSbTe (blue). The black curve is the fit according to the 
corresponding principle (see text). The zoom-in of low temperature data in the red box is shown 
in the inset, but plotted in C/T vs. T2. The solid line represents the linear fits to C/T = γ+βT2. (c) 
Temperature dependences of magnetic specific heat divided by temperature Cm/T and the 
magnetic entropy Sm. 
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Figure 4. Electronic transport properties of NdSbTe. (a) Temperature dependence of in-plane 
resistivity of NdSbTe. Logarithmic temperature dependence can be observed 5 – 50 K. The 
dashed lines are guides for eyes. Inset: low temperature resistivity under different magnetic 
fields. (b) Temperature dependence of Hall coefficient RH and the corresponding carrier density 
(1/eRH). Inset: field dependence of Hall resistivity at 10 and 100 K. (c) Field dependence of in-
plane resistivity at different temperatures. Data for different temperatures are shifted for clarity. 
Hc1 and Hc2 are critical fields determined from magnetization (Fig. 2b). (d) Field dependence of 
resistivity at 2 K under different magnetic field orientations. High field data (above 2.5 T) is 
shown for clarity. Inset: the measurement setup. 
